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$EVWUDFW
%DFNJURXQG6SHFLDOLVWZHLJKWPDQDJHPHQWVHUYLFHVSURYLGHDWUHDWPHQWRSWLRQIRUVHYHUH
REHVLW\
2EMHFWLYH7RUHYLHZWKHFKDUDFWHULVWLFVLPSDFWDQGSUDFWLFHLPSOLFDWLRQVRIVSHFLDOLVW
ZHLJKWPDQDJHPHQWVHUYLFHVIRUDGXOWVLQWKH8.
'HVLJQ6\VWHPDWLFUHYLHZ(0%$6(0('/,1(DQG3V\F,1)2ZHUHVHDUFKHGIURP
-DQXDU\WR0DUFKZLWKVXSSOHPHQWDU\VHDUFKHV
,QFOXVLRQFULWHULD$GXOWVZLWKDERG\PDVVLQGH[RINJPRUNJP ZLWKFRPRUELGLW\
RUNJPZLWKW\SHGLDEHWHV$Q\VWXG\RIPXOWLFRPSRQHQWLQWHUYHQWLRQVLQDQ\8.RU
,UHODQGVHWWLQJGHOLYHUHGE\DVSHFLDOLVWPXOWLGLVFLSOLQDU\WHDP
5HVXOWVVWXGLHVLQDYDULHW\RIVHWWLQJVZHUHLQFOXGHGUDQGRPLVHGFRQWUROOHGWULDO
FRQWUROOHGDQGREVHUYDWLRQDOVWXGLHV0HDQEDVHOLQHERG\PDVVLQGH[DQGDJHUDQJHG
IURPNJP DQG\HDUV7KHVWXGLHVZHUHKHWHURJHQHRXVPDNLQJFRPSDULVRQVRI
VHUYLFHFKDUDFWHULVWLFVGLIILFXOW0XOWLGLVFLSOLQDU\WHDPFRPSRVLWLRQDQGHOLJLELOLW\FULWHULD
YDULHGGURSRXWUDWHVZHUHKLJK6WDWLVWLFDOO\VLJQLILFDQWUHGXFWLRQLQPHDQERG\
PDVVLQGH[RYHUWLPHUDQJHGIURPNJPWRNJPDQGPHDQZHLJKWFKDQJHV
UDQJHGIURPNJWRNJ&RPSOHWHUVDFKLHYLQJDWOHDVWUHGXFWLRQRILQLWLDOERG\
ZHLJKWUDQJHGIURP7KHUHZDVHYLGHQFHIRULPSURYHGRXWFRPHVLQGLDEHWLFV
&RQFOXVLRQV6SHFLDOLVWZHLJKWPDQDJHPHQWVHUYLFHVFDQGHPRQVWUDWHFOLQLFDOO\VLJQLILFDQW
ZHLJKWORVVDQGKDYHDQLPSRUWDQWUROHLQVXSSRUWLQJDGXOWVWRPDQDJHVHYHUHDQGRIWHQ
FRPSOH[IRUPVRIREHVLW\7KLVUHYLHZKLJKOLJKWVLPSRUWDQWYDULDWLRQVLQSURYLVLRQDQG
VWURQJO\LQGLFDWHVWKHQHHGIRUIXUWKHUUHVHDUFKLQWRHIIHFWLYHDSSURDFKHVWRVXSSRUWVHYHUHO\
REHVHDGXOWV





3 
 
,QWURGXFWLRQ
(QJODQGW\SLFDORIPDQ\KLJKLQFRPHFRXQWULHVLVIDFLQJDQREHVLW\HSLGHPLFZLWKDURXQGD
TXDUWHU RI DGXOWV FXUUHQWO\ FODVVHG DV REHVH ,Q WKH 8. REHVLW\ LV PDQDJHG RQ D WLHUHG
SDWKZD\ 7LHU  XQLYHUVDO SUHYHQWLRQ VHUYLFHV 7LHU  OLIHVW\OH ZHLJKW PDQDJHPHQW
LQWHUYHQWLRQV7LHUVSHFLDOLVWPXOWLGLVFLSOLQDU\ZHLJKWPDQDJHPHQWVHUYLFH:067LHU
EDULDWULFVXUJHU\ 7LHUVHUYLFHVDUH UHFRPPHQGHG IRUDGXOWVZLWKDERG\PDVV LQGH[
%0, RI NJP RU NJP LQ WKH SUHVHQFH RI FRPRUELGLWLHV RU NJP LQ WKH
SUHVHQFH W\SH  GLDEHWHVPHOOLWXV ZKR KDYH EHHQ XQVXFFHVVIXO LQ ORVLQJ ZHLJKW WKURXJK
VWDQGDUGPXOWLFRPSRQHQWOLIHVW\OHLQWHUYHQWLRQV7LHU6LQFHWKLVUHYLHZZDVFRQGXFWHGWKH
1DWLRQDO ,QVWLWXWH IRU+HDOWKDQG&DUH([FHOOHQFH 1,&(KDYHSXEOLVKHG IXUWKHUJXLGDQFH
RQ UHIHUUDO FULWHULD IRU 7LHU  VHUYLFHV DGXOWV ZLWK D %0, RI  RU PRUH IRU ZKRP 7LHU 
LQWHUYHQWLRQVKDYHEHHQXQVXFFHVVIXO
$Q1+6(QJODQGDQG3XEOLF+HDOWK(QJODQG:RUNLQJ*URXSSURYLGHGDZRUNLQJH[DPSOHRI
D 7LHU  VHUYLFH $ 7LHU  VHUYLFH LV FRPSULVHG RI D PXOWLGLVFLSOLQDU\ WHDP 0'7 RI
VSHFLDOLVWV OHG E\ D FOLQLFLDQ DQG W\SLFDOO\ LQFOXGLQJ D SK\VLFLDQ FRQVXOWDQW RU*3ZLWK D
VSHFLDO LQWHUHVW VSHFLDOLVW QXUVH VSHFLDOLVW GLHWLWLDQ SV\FKRORJLVW RU SV\FKLDWULVW DQG
SK\VLRWKHUDSLVWSK\VLFDODFWLYLW\VSHFLDOLVWSK\VLRORJ\&OLQLFDODQGFRPPLVVLRQLQJJXLGDQFH
H[LVWWRVXSSRUWWKHGHOLYHU\RI7LHUVHUYLFHVDQGSURYLGHDQHYDOXDWLRQIUDPHZRUN
&OLQLFDOFRPPLVVLRQLQJJURXSVDQGORFDODXWKRULWLHVFRPPLVVLRQ7LHUVHUYLFHVLQ(QJODQG
EXWWKHUHLVQRXQLYHUVDOSURYLVLRQZLWKDQXPEHURIDUHDVQRWRIIHULQJDQ\RUOLWWOHLQWKHZD\
RIVSHFLDOLVWVHUYLFHV$UHFHQWSXEOLFDWLRQRQWKHUHZDUGVDQGFKDOOHQJHVRIVHWWLQJXS
D7LHUDGXOW:06 LQSULPDU\FDUHFDOOHG IRUPRUHUREXVWHYDOXDWLRQRI7LHUVHUYLFHV WR
GHPRQVWUDWHFRVWHIIHFWLYHQHVVWRWKH1+6
+DVVDQ HW DO UHFHQWO\ SXEOLVKHG D UHYLHZ H[DPLQLQJ WKH HIIHFWLYHQHVV RI OLIHVW\OH
LQWHUYHQWLRQV IRU DGXOWV ZLWK VHYHUH REHVLW\ %0, ! NJP RU %0, ! NJP ZLWK
FRPRUELGLW\ 7KH UHYLHZ LQFOXGHG  5&7V RI DW OHDVW ZHHNV GXUDWLRQ SDUWLFLSDQWV
UHFHLYLQJWKH OLIHVW\OH LQWHUYHQWLRQKDGDJUHDWHUGHFUHDVHLQZHLJKWWKDQSDUWLFLSDQWV LQWKH
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FRQWURO JURXS IRU DOO VWXGLHV ± NJ 7KH UHYLHZ ZDV WKH ILUVW V\VWHPDWLF UHYLHZ WR
IRFXVRQOLIHVW\OHLQWHUYHQWLRQVIRUWKHVHYHUHO\REHVHDQGLGHQWLILHGRQH5&7WKDWH[FOXVLYHO\
WDUJHWHGDGXOWVZLWKDPHDQ%0,!NJPWKHRWKHUVWXG\SDUWLFLSDQWVKDGDFRPRUELGLW\
DVVRFLDWHGZLWKH[FHVVZHLJKWDQGDPHDQEDVHOLQH%0,EHWZHHQNJPDQGNJP
,QDGGLWLRQTXDOLW\RIOLIHZDVRQO\UHSRUWHGLQWZR5&7V1RQHRIWKH5&7VZHUHVHWLQWKH
8.
&XUUHQWO\WKHUH LVQRUHYLHZRI7LHUVHUYLFHV LQWKH8.7KLVUHYLHZDLPVWRHVWDEOLVKWKH
HYLGHQFHEDVHIRU7LHU:06IRUDGXOWVERWK LQKRVSLWDODQGWKHFRPPXQLW\E\H[SORULQJ
VHUYLFH FKDUDFWHULVWLFVHIIHFWLYHQHVVDQG LPSOLFDWLRQV IRU SUDFWLFH7KLVSDSHU LV SXEOLVKHG
DV D VXPPDU\ RI WKH IXOO SURMHFW UHSRUW FRPPLVVLRQHG E\ 3XEOLF +HDOWK (QJODQG 3+(
,PSRUWDQWO\ SDUW RI WKH WUDQVODWLRQDO ZRUN DVVRFLDWHG ZLWK WKLV UHYLHZ LQYROYHV WKH
GHYHORSPHQWRI UHVRXUFHV WR VXSSRUW FRPPLVVLRQHUVDQGSURYLGHUVRI:06DVRXWOLQHG LQ
7KH'HSDUWPHQWRI+HDOWK¶VOHWWHUGHWDLOLQJ3+(¶V6WUDWHJLF5HPLWDQG3ULRULWLHV
0HWKRGV
$ SURWRFRO ZDV GHYHORSHG LQ FROODERUDWLRQ ZLWK WKH VWHHULQJ JURXS PHPEHUV DQG LW ZDV
GHYHORSHGDSULRULLWZDVQRWSXEOLVKHG7KHPHWKRGVDUHXQGHUSLQQHGE\WKH-RDQQD%ULJJV
,QVWLWXWH-%,PHWKRGRORJ\IRUVFRSLQJUHYLHZVVHWRXW LQWKH-%,5HYLHZHUV0DQXDO7KH
WHPSODWHIRULQWHUYHQWLRQGHVFULSWLRQDQGUHSOLFDWLRQ7,'LH5FKHFNOLVWDQGJXLGHZHUHXVHG
WR H[WUDFW GDWD RQ GHOLYHU\ DQG FRQWH[W 7KH UHYLHZ LV UHSRUWHG IROORZLQJ WKH 3UHIHUUHG
5HSRUWLQJ,WHPVIRU6\VWHPDWLF5HYLHZVJXLGHOLQHV35,60$
,QFOXVLRQFULWHULD
2XUEDFNJURXQGUHVHDUFKIRUWKLVUHYLHZUHYHDOHGWKDWWKHUHZHUHYHU\IHZSXEOLVKHG5&7V
RI7LHU:06IRUDGXOWVLQWKH8.$VVXFKZHWRRNDQRYHUDUFKLQJDSSURDFKWKDWLVXVHG
E\1,&(WRLGHQWLI\WKHEHVWDYDLODEOHHYLGHQFH7KXVVWXGLHVRIDQ\GHVLJQWKDWUHSRUWHG
RXWFRPHVDWOHDVWRQFHSUHDQGRQFHSRVWLQWHUYHQWLRQZHUHLQFOXGHG5&7VQRQ5&7VDQG
XQFRQWUROOHGEHIRUHDQGDIWHUVWXGLHV6WXGLHVZLWKDQGZLWKRXWFRPSDUDWRUVFRQWUROVZHUH
LQFOXGHGZLWKRXWUHVWULFWLRQRQWKHW\SHRIFRPSDUDWRU
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$GXOWVZLWKDPHDQEDVHOLQH%0,RINJPRUNJPZLWKFRPRUELGLWLHVRUNJP
ZLWKW\SHGLDEHWHVPHOOLWXV7'0ZHUHLQFOXGHG:HDSSOLHGDPHDQEDVHOLQH%0,UDWKHU
WKDQDFXWRIIEHFDXVHZHZHUHDZDUHRIYDULDELOLW\DQGLQFRQVLVWHQF\LQHOLJLELOLW\0DQ\RI
WKH VWXGLHV LGHQWLILHG ZRXOG SUHGDWH WKH FRQFHSW DQG GHILQLWLRQ RI D 7LHU  VHUYLFH $
SUDJPDWLF GHFLVLRQ ZDV WDNHQ WR LQFOXGH :06 WKDW DOWKRXJK QRW µ7LHU ¶ ZHUH
PXOWLFRPSRQHQWVSHFLDOLVWPXOWLGLVFLSOLQDU\VHUYLFHVIRUDGXOWVZKHUHVRPHEXWQRWWKHHQWLUH
VDPSOHKDGDPHDQEDVHOLQH%0,RINJP,QDGGLWLRQLIDVWXG\UHSRUWHGRXWFRPHVIRU
DVXEJURXSWKDWPHWRXUPHDQEDVHOLQH%0,FULWHULDDOWKRXJKWKHZKROHVWXG\GLGQRWWKHQ
WKHGDWDIRUWKHUHOHYDQWVXEJURXSZHUHH[WUDFWHGDQGFRQVLGHUHGDVDGLVWLQFWVWXG\
0XOWLFRPSRQHQW LQWHUYHQWLRQVFRPSULVLQJGLHWSK\VLFDODFWLYLW\DQGEHKDYLRXUFKDQJHZHUH
LQFOXGHG 7KH LQWHUYHQWLRQ FRXOG DOVR LQFOXGH DQWLREHVLW\ GUXJV ORZHQHUJ\ OLTXLG GLHWV
/(/' RU SUHSRVWEDULDWULF VXUJHU\ FDUH ,QWHUYHQWLRQV GHOLYHUHG E\ D 0'7 LQFOXGLQJ
VSHFLDOLVWV RU FOLQLFLDQVZHUH LQFOXGHG$OO VWXG\ GHVLJQV RI DQ\ GXUDWLRQ DQG VHWWLQJZHUH
LQFOXGHG,QWHUYHQWLRQVEDVHGLQWKH8.RUWKH5HSXEOLFRI,UHODQGDQGSXEOLVKHGIURP
RQZDUGVZHUHLQFOXGHG7KHUHZDVQRUHVWULFWLRQRQWKHW\SHRIRXWFRPHGDWD
(PEDVH0('/,1(DQG3V\F,1)2ZHUH VHDUFKHG IURP-DQXDU\ WR0DUFKDQG
DUWLFOHVZHUHUHWDLQHGZLWKLQD5HIHUHQFH0DQDJHUGDWDEDVHDQGIXUWKHUOLPLWHGWR8.EDVHG
VWXGLHV XVLQJ NH\ZRUGV DQG WH[W ZRUGV LQ WKH DEVWUDFWV FRQWDLQLQJ µ(QJODQG¶ µ,UHODQG¶
µ6FRWODQG¶ µ8QLWHG .LQJGRP¶ RU µ:DOHV¶ 'DWDEDVH VHDUFKHV ZHUH VXSSOHPHQWHG E\ KDQG
VHDUFKHV DQG UHVRXUFHV SURYLGHG E\ WKH VWHHULQJ JURXS DQG VWXG\ DXWKRU FRQWDFWV
5HIHUHQFH OLVWV RI IXOOWH[W DUWLFOHV ZHUH VHDUFKHG IRU DGGLWLRQDO VWXGLHV 7KH WLWOHV DQG
DEVWUDFWVZHUHVFUHHQHGE\RQHUHYLHZHU7%ZKRWKHQVFUHHQHGIXOOWH[WDUWLFOHV$UWLFOHV
WKDWZHUHXQFOHDUIRULQFOXVLRQZHUHLQGHSHQGHQWO\VFUHHQHGE\DVHFRQGUHYLHZHU/(DQG
DVWHHULQJJURXSPHPEHU$$$UWLFOHVWKDWUHPDLQHGXQFOHDUZHUHUHIHUUHGWR3+(IRUILQDO
GHFLVLRQ-%9&%+
'DWD H[WUDFWLRQ WDEOHV ZHUH GHYHORSHG WR UHFRUG SDUWLFLSDQW DQG VWXG\ FKDUDFWHULVWLFV
LQWHUYHQWLRQ FRPSRQHQWV DQG RXWFRPHV4XDOLW\ DSSUDLVDOVZHUH FDUULHGRXW XVLQJ WKH -%,
DSSUDLVDO WRROV7KH VWXGLHVZHUH VXEMHFWLYHO\ UDQNHG DV ORZ PRGHUDWH  RU
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KLJKTXDOLW\GHSHQGLQJRQKRZPDQ\RIWKHTXDOLW\DVVHVVPHQWFULWHULDZHUHPHW$OO
GDWDZHUH LQGHSHQGHQWO\H[WUDFWHGE\ WZR UHYLHZHUV7%&20 WKURXJKRXW WKHSURFHVVD
WKLUG UHYLHZHU /( ZDV FRQVXOWHG LI DQ\ TXHULHV DURVH (YLGHQFH ZDV DSSUDLVHG WDNLQJ
DFFRXQWRIVWXG\GHVLJQTXDOLW\DQGVHWWLQJ
5HVXOWV
7KHVHDUFKHVLGHQWLILHGDUWLFOHVRIZKLFKZHUHREWDLQHGDQGVFUHHQHGDVIXOOWH[W
DUWLFOHV )LJXUH  VKRZV WKH VWXG\ IORZ*UH\ OLWHUDWXUH VHDUFKLQJ UHIHUHQFH OLVW VHDUFKLQJ
DQGFRQWDFWLQJDXWKRUVUHVXOWHGLQWKHLGHQWLILFDWLRQRIDQDGGLWLRQDOWZRDUWLFOHV,QWRWDO
VWXGLHVPHWWKHLQFOXVLRQFULWHULDDQGZHUHLQFOXGHGDUWLFOHVZHUHH[FOXGHGRIZKLFK
ZHUHVWXGLHVRIFKLOGUHQZKLFKDUHUHSRUWHG LQDVHSDUDWHV\VWHPDWLF UHYLHZ7-%URZQ/-
(OOV&2¶0DOOH\HWDO±XQSXEOLVKHGGDWD7DEOHVKRZVVWXG\FKDUDFWHULVWLFV LQFOXGLQJ
SDUWLFLSDQW EDVHOLQH FKDUDFWHULVWLFV6XSSRUWLQJ LQIRUPDWLRQFDQEH IRXQG LQ VXSSOHPHQWDU\
WDEOHV IRU  GHWDLOHG FKDUDFWHULVWLFV RI LQFOXGHG VWXGLHV 7DEOH 6 GHVFULSWLRQV RI
LQWHUYHQWLRQV 7DEOH 6 TXDOLW\ DVVHVVPHQW 7DEOH 6 DQG DGGLWLRQDO RXWFRPHV QRW
UHSRUWHGLQ7DEOH7DEOH6
&KDUDFWHULVWLFVRILQWHUYHQWLRQV
'XHWRWKHKHWHURJHQHLW\RIWKHLQFOXGHGVWXGLHVPHWDDQDO\VHVZHUHQRWSRVVLEOHWKHUHIRUH
DQDUUDWLYHV\QWKHVLVLVSURYLGHG
6WXG\GHVLJQ
2QHVWXG\ZDVDQ5&77KUHHVWXGLHVKDGDFRQWUROJURXS D UHWURVSHFWLYHFDVHFRQWURO
VWXG\ D SURVSHFWLYH QRQUDQGRPL]HG WULDO ZLWK D FRQWHPSRUDQHRXV REVHUYDWLRQDO FRQWURO
JURXS DQG D UHWURVSHFWLYH QRQFRQWHPSRUDQHRXV PDWFKHG FRKRUW VWXG\ 7HQ VWXGLHV
ZHUHXQFRQWUROOHGPDLQO\REVHUYDWLRQDOFRKRUWV:06HYDOXDWLRQVDQGRQHZDVDUHSHDWHG
PHDVXUHV FURVVVHFWLRQDO VWXG\ RI D :06 7ZR VWXGLHV KDG D XVXDO FDUH FRPSDULVRQ
JURXS
6HWWLQJDQGVHUYLFHFKDUDFWHULVWLFV
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6HYHQVWXGLHVHYDOXDWHGWKHLPSDFWRIH[LVWLQJ7LHU:06DQGRQHHYDOXDWHGTXDOLW\RIOLIH
XVLQJ SDUWLFLSDQW GDWD IURP D 7LHU  VHUYLFH )RXU VWXGLHV ZHUH RI VSHFLDOLVW :06
FRPPLVVLRQHGE\*UHDWHU*ODVJRZDQG&O\GH1+6+HDOWK%RDUG*&:062QHRIWKHVH
VWXGLHVDGDSWHGWKHVHUYLFHIRUDGXOWVZLWKLQWHOOHFWXDOGLVDELOLWLHV7$.(
6L[VWXGLHVKDGVLPLODUFKDUDFWHULVWLFVWRD7LHUVHUYLFHWKUHHZHUHKRVSLWDOEDVHGVHUYLFHV
IRUDGXOWVZLWK7'0SXEOLVKHGEHWZHHQDQG7ZRHYDOXDWHGDFRPPHUFLDO
ZHLJKWPDQDJHPHQWSURJUDPPHVHWZLWKLQSULPDU\FDUH$QRWKHUKRVSLWDOEDVHGVWXG\
HYDOXDWHG D VSHFLDOLVW ZHLJKWPDQDJHPHQW VWXG\ IRU SDWLHQWV ZLWK FKURQLF NLGQH\ GLVHDVH
&.'ZKRZHUHUHTXLUHGWRORVHZHLJKWSULRUWRNLGQH\WUDQVSODQWDWLRQ
,QWHUYHQWLRQFRQWHQW
$OOLQWHUYHQWLRQVZHUHPXOWLFRPSRQHQWLQFOXGLQJGLHWH[HUFLVHDQGEHKDYLRXUFKDQJHVHYHQ
VWXGLHV LQFOXGHG RSWLRQDO SKDUPDFRWKHUDS\ 6RPH VWXGLHV UHSRUWHG D WKHRUHWLFDO
XQGHUSLQQLQJ RI WKH LQWHUYHQWLRQ DQG WUDLQLQJ RI SURJUDPPH GHOLYHUHUV 7KHUH ZDV QR
HYLGHQFH WR VXJJHVW XVHU JURXS LQYROYHPHQW LQ WKH GHVLJQ RI WKH VHUYLFHV RQH VWXG\
UHSRUWHG WKDW D SDWLHQW UXQ VXSSRUW JURXS ZDV VHW XS WR SURYLGH ORQJ WHUP VXSSRUW DQG
PRWLYDWLRQ IRU GLVFKDUJHG SDWLHQWV 7KH VWXGLHV ZHUH WRR KHWHURJHQHRXV WR PDNH IXUWKHU
LQIHUHQFHVDERXWVHUYLFHGHVLJQ
'HOLYHU\
7KH0'7FRPSRVLWLRQ YDULHGDFURVV WKH VWXGLHVPRVW LQWHUYHQWLRQV LQFOXGHGDGLHWLWLDQRU
GLHWHWLF DVVLVWDQW DQG DURXQG KDOI LQFOXGHG D SK\VLFLDQ 7KH VWXGLHVZHUH KHWHURJHQHRXV
PDNLQJ FRPSDULVRQV RI GHOLYHU\ GLIILFXOW KRZHYHU WKH PDMRULW\ RI VWXGLHV KDG D
PXOWLGLVFLSOLQDU\WHDPGHOLYHULQJWKHVHUYLFHV7DEOH6SURYLGHVIXUWKHUGHWDLORIWKHGHOLYHU\
VHWXS
6L]HDQGGXUDWLRQ
6WXGLHVVDPSOHVUDQJHGIURPWRSDUWLFLSDQWV7ZHOYHVWXGLHVKDGVDPSOHVRI
RQHVWXG\KDGDVDPSOHRIDQGDQRWKHUVWXG\KDGDVDPSOHRI'XUDWLRQRI
LQWHUYHQWLRQLQFOXGLQJILQDOIROORZXSUDQJHGIURPZHHNVWRPRQWKVVL[VWXGLHV
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IROORZHGXSSDUWLFLSDQWVDWPRQWKVRUORQJHU7DEOH6SURYLGHVGHWDLOHGGHVFULSWLRQRI
LQWHUYHQWLRQV
4XDOLW\
7ZR VWXGLHV ZHUH ORZ TXDOLW\ PDLQO\ GXH WR SRRU UHSRUWLQJ RIPHWKRGV QLQH VWXGLHV
ZHUHPRGHUDWHTXDOLW\ DQG WKUHHVWXGLHVZHUHKLJKTXDOLW\ !KRZHYHUQRQHRI
WKHVWXGLHVVFRUHGPRUHWKDQ7KHTXDOLW\GRPDLQVWKDWPRVWVWXGLHVIDLOHGWRPHHWZHUH
LQVXIILFLHQWGXUDWLRQRIIROORZXSDQGH[FOXVLRQRIGURSRXWVIURPDQDO\VHV7DEOH6SURYLGHV
GHWDLOHGTXDOLW\DVVHVVPHQWV
3DUWLFLSDQWV
(OLJLELOLW\FULWHULDIRUZHLJKWLQHDFKVWXG\YDULHGJUHDWO\7ZRRIWKHVL[VWXGLHVSXEOLVKHG
DW WKH VDPH WLPH RU VXEVHTXHQWO\ WR WKH JXLGHOLQHV IRU 7LHU :06 UHSRUWHG XVLQJ WKH
JXLGHOLQHFULWHULD(OLJLELOLW\FULWHULDDFURVVWHQVWXGLHVUDQJHGIURP%0,WR%0,ZLWK
QRFRPRUELGLWLHVDQG%0,NJP WR%0,NJPZLWKFRPRUELGLWLHV ,Q WZRVWXGLHV
ERWK UHWURVSHFWLYH HOLJLELOLW\ FULWHULD IRU ZHLJKW ZHUH QRW UHSRUWHG  0HDQ EDVHOLQH %0,
UDQJHGIURPNJPWRNJP
0RVWRIWKHVWXGLHVLQFOXGHGDGXOWVZLWKREHVLW\UHODWHGFRPRUELGLWLHVWZRVWXGLHVUHFUXLWHG
DGXOWVZLWK7'0SDUWLFLSDQWVLQRQHVWXG\ZHUHRQLQVXOLQWKHUDS\2QHVWXG\UHFUXLWHG
DGXOWV ZLWK &.' ZKR ZHUH UHTXLUHG WR ORVH ZHLJKW SULRU WR UHQDO WUDQVSODQWDWLRQ 7ZR
VWXGLHV UHFUXLWHG EDULDWULF SDWLHQWV IRU VSHFLDOLVW :06 SULRU WR VXUJHU\ 2QH VWXG\
UHFUXLWHGDGXOWVZLWKLQWHOOHFWXDOGLVDELOLWLHV
0HDQ EDVHOLQH DJH UDQJHG IURP  WR  \HDUV 7KLUWHHQ VWXGLHV LQFOXGHG PDOHV DQG
IHPDOHVDQGRQHVWXG\LQFOXGHGIHPDOHVRQO\LQHOHYHQRIWKHVHVWXGLHVWKHPDMRULW\ZHUH
IHPDOHDQGWKLVUDQJHGIURPWR2QO\IRXUVWXGLHVUHSRUWHGHWKQLFLW\LQWKUHHRIWKH
VWXG\ VDPSOHV WKHPDMRULW\ZHUH µZKLWH¶ DQG WKLVSHUFHQWDJH UDQJHG IURP WR ,Q
RQHVWXG\RIDGXOWVZLWK&.'ZHUHPDOHZHUHZKLWHZHUHEODFNDQG
ZHUH$VLDQ RU RWKHU HWKQLFLW\ )LYH VWXGLHV UHSRUWHG RQ DUHD GHSULYDWLRQ DQG UHSRUWHG WKDW
WRRISDUWLFLSDQWVZHUHIURPWKHPRVWGHSULYHGDUHDV
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7ZR VWXGLHV FRPSDUHG WKH FKDUDFWHULVWLFV RI DGXOWV QRW UHFUXLWHG ZLWK WKRVH UHFUXLWHG
-HQQLQJV HW DO UHSRUWHG WKHUH ZDV QR GLIIHUHQFH LQ SDUWLFLSDQWV ZKR RQO\ DWWHQGHG IRU
DVVHVVPHQW DQG WKRVH ZKR ZHUH UHFUXLWHG LQ WHUPV RI JHQGHU EDVHOLQH ZHLJKW RU %0,
+RZHYHUUHFUXLWHGSDUWLFLSDQWVZHUH\HDUVROGHUDQGUHSRUWHGDEHWWHUTXDOLW\RIOLIHWKDQ
SDUWLFLSDQWVZKRRQO\DWWHQGHGIRUDVVHVVPHQW0RUULVRQHWDOUHSRUWHGWKDWIHPDOHVZHUH
PRUH OLNHO\ WKDQPDOHV WR RSW LQ  Y  UHVSHFWLYHO\ S  EXW DPRQJ WKRVH
ZKRRSWHG LQ WKHUHZDVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ WKHVH[HV LQ WKHSURSRUWLRQZKR
FRPSOHWHGWKHSURJUDPPH
(IIHFWVRILQWHUYHQWLRQV
7DEOHSURYLGHVDQWKURSRPHWULFRXWFRPHGDWDDQG7DEOH6SURYLGHVGHWDLOHG LQIRUPDWLRQ
IRUDOOUHSRUWHGRXWFRPHV
$WWHQGDQFHFRPSOLDQFH
7HQVWXGLHVUHSRUWHGGURSRXWUDWHVZKLFKYDULHGIURPWRE\WKHHQGRIHDFKVWXG\
ZKLFKUDQJHGIURPWZRWRPRQWKVWKHPDMRULW\RIWKHVWXGLHVKDGDGURSRXWZKLFKUDQJHG
IURPWRRYHUVL[WRPRQWKV7KHGURSRXWUHODWHVWRDQHVWDEOLVKHG7LHU
VWXG\ ZKLFK ODVWHG XS WR  PRQWKV DQG LQFOXGHG WKUHH SKDVHV RI LQWHUYHQWLRQ 7KUHH
VWXGLHV KDG UHODWLYHO\ ORZ GURSRXW RI EHWZHHQ  DQG  DQG ZHUH LQ FDUHIXOO\
VHOHFWHGRUYROXQWHHUVDPSOHV
7ZRVWXGLHV UHSRUWHG FRPSDULQJ WKH FKDUDFWHULVWLFVRI GURSRXWVZLWK FRPSOHWHUV%URZQHW
DO UHSRUWHG WKDW FRPSOHWHUV ZHUH VLJQLILFDQWO\ ROGHU  FRPSDUHG ZLWK  \HDUV
S  KDG D JUHDWHU SUHYDOHQFH RI REVWUXFWLYH VOHHS DSQRHD S  DQG KDG D
JUHDWHU UHIHUUDO %0, S  &URZH HW DO UHSRUWHG WKDW FRPSDUHG WR QRQFRPSOHWHUV
FRPSOHWHUVZHUHROGHUYHUVXV\HDUVS ZHUHPRUHOLNHO\WR
EHPHQYHUVXVS DQGZHUHPRUHOLNHO\WRKDYHGLDEHWHVYHUVXV
S 
7ZRVWXGLHVUHSRUWHGWKHHIIHFWRIDWWHQGDQFHRQZHLJKWORVV5RVVHWDO UHSRUWHGWKDWWKH
PRVWIDYRXUDEOHZHLJKWORVVUHVXOWVZHUHVHHQLQDGXOWVZLWKKLJKDWWHQGDQFH0DF/DXJKOLQ
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HW DO DOVR UHSRUWHG WKDW DGXOWVZLWK KLJKHU DWWHQGDQFHZHUH DVVRFLDWHGZLWK VLJQLILFDQWO\
JUHDWHUZHLJKW ORVV UHGXFWLRQ LQ%0,DQGV\VWROLFEORRGSUHVVXUH %3FRPSDUHG WRDGXOWV
ZLWKORZHUDWWHQGDQFH
$QWKURSRPHWULF
7KHUHZHUHQR5&7VLQFOXGHGLQDGXOWVZLWKRXWFRPRUELGLWLHV6L[VWXGLHVUHSRUWHGFKDQJH
LQ%0,ZLWKVWDWLVWLFDOO\VLJQLILFDQWUHGXFWLRQLQPHDQ%0,RYHUWLPHUDQJLQJIURPNJP
WRNJP
7ZHOYHVWXGLHV LQFOXGLQJ5&7 UHSRUWHGFKDQJH LQZHLJKWPHDQFKDQJH LQZHLJKWRYHU
WLPHUDQJHGIURPNJWRNJ7KHPDMRULW\RIVWXGLHVUHSRUWHGDZHLJKW ORVV LQ WKH
UDQJHRINJ WRNJ ,Q VHYHQ VWXGLHV WKH UHGXFWLRQ LQZHLJKW RYHU WLPHZDVVWDWLVWLFDOO\
VLJQLILFDQW
6HYHQVWXGLHVUHSRUWHGSHUFHQWDJHZHLJKWFKDQJHUHGXFWLRQVLQZHLJKWRYHUWLPHUDQJHG
IURPWRIRUFRPSOHWHUVZLWKIROORZXSUDQJLQJIURPWRPRQWKV
6L[ VWXGLHV UHSRUWHG FOLQLFDOO\ VLJQLILFDQW ZHLJKW ORVVHV RI  LQLWLDO ERG\ ZHLJKW ,%:
DQGRU  ,%: 7KHVH VL[ VWXGLHV LQFOXGHG IRXU PHGLXP TXDOLW\ DQG WZR KLJK TXDOLW\
VWXGLHVRQHRIZKLFKDOVRKDGWKHODUJHVWVDPSOHVL]HDVVHVVHGSDUWLFLSDQWV)RXURI
WKHVHVL[VWXGLHVZHUHHVWDEOLVKHG7LHUVHUYLFHV
7KH SHUFHQWDJHV RI DGXOWV WKDW FRPSOHWHG WKH ZHLJKW PDQDJHPHQW SURJUDPPHV DQG
DFKLHYHG DW OHDVW  ,%: UDQJHG IURP  WR  7KH SHUFHQWDJHV RI DGXOWV WKDW
FRPSOHWHG WKH ZHLJKW PDQDJHPHQW SURJUDPPHV DQG DFKLHYHG DW OHDVW  ,%: ZDV
DURXQG DW PRQWKV IRU RQH OLIHVW\OHZHLJKWPDQDJHPHQW VWXG\ DQG DW 
PRQWKVLQWZRRWKHUVWXGLHVWKDWLQFOXGHGSKDUPDFRWKHUDS\
6RFLRGHPRJUDSKLFIDFWRUVDVSRWHQWLDOHIIHFWPRGLILHUV
7KHHYLGHQFHZDVLQFRQVLVWHQWIRUDJHEDVHOLQH%0,GHSULYDWLRQDQGVH[6RPHHYLGHQFH
VXJJHVWHG WKDW PHQ FHUWDLQ DJH JURXSV DQG KLJKHU EDVHOLQH %0, ZDV DVVRFLDWHG ZLWK
LPSURYHGZHLJKWORVVDQGGHSULYDWLRQDQGGLDEHWHVZHUHDVVRFLDWHGZLWKSRRUHURXWFRPHV
&RPRUELGLWLHV
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2QH5&7LQDGXOWVZLWK7'0WDNLQJLQVXOLQUHSRUWHGVWDWLVWLFDOO\VLJQLILFDQWLPSURYHPHQW
IURPEDVHOLQHWRPRQWKVNJIRUWKHLQWHUYHQWLRQJURXSDQGNJIRUFRQWUROEXWWKLV
ZDVQRWVXVWDLQHGDWPRQWKDQGPRQWKIROORZXSV7KHEDVHOLQHZHLJKWYDULHGEHWZHHQ
WKHJURXSVZLWKWKHLQWHUYHQWLRQJURXSEHLQJQHDUO\NJKLJKHUWKDQFRQWURO7KHPHDQ
FKDQJHLQZHLJKWZDVQRWGLUHFWO\FRPSDUHGEHWZHHQWKHLQWHUYHQWLRQDQGFRQWUROJURXS,Q
RQHUHWURVSHFWLYHFDVHFRQWUROVWXG\RIOLIHVW\OHSOXVVLEXWUDPLQHYHUVXVOLIHVW\OHRQO\LQ
DGXOWVZLWK7'0WKHGLIIHUHQFHLQWRWDOZHLJKWORVVEHWZHHQWKHWZRJURXSVZDVQRW
VWDWLVWLFDOO\VLJQLILFDQWDWPRQWKVNJQ YVNJQ UHVSHFWLYHO\
)RUDGXOWVZLWK7'0 WKHUH LVUHODWLYHO\JRRGHYLGHQFHIRUVLJQLILFDQW UHGXFWLRQV LQ+E$F
DQGLPSURYHPHQWLQJO\FDHPLFFRQWUROZKLFKPLJKWEHRFFXUULQJLQGHSHQGHQWRIZHLJKWORVV
YLDLPSURYHPHQWVLQGLHWSK\VLFDODFWLYLW\RUPHGLFDWLRQXVHWKLVLPSURYHPHQWRFFXUUHGLQD
YDULHW\ RI VHWWLQJV 0RVW RI WKH HYLGHQFH LV GHULYHG IURP REVHUYDWLRQDO VWXGLHV 
REVHUYDWLRQDOVWXGLHVGHPRQVWUDWHGVLJQLILFDQWUHGXFWLRQVLQ+E$FOHYHOVHLWKHULQDEVROXWH
RU  YDOXHV RYHU WLPH LQ DGXOWV ZLWK 7'0 UDQJLQJ IURP  WR  RYHU YDULRXV
GXUDWLRQV RQH RI WKHVH VWXGLHV RQO\ VKRZHG VLJQLILFDQW UHGXFWLRQV ZKHQ ERWK WKH
LQWHUYHQWLRQ JURXSV ZLWK 7'0 ZHUH FRPELQHG 2QH REVHUYDWLRQDO VWXG\ VKRZHG QRQ
VLJQLILFDQWUHGXFWLRQLQ+E$FOHYHOVRYHUWLPHDQGRQH5&7VKRZHGVLJQLILFDQWGHFUHDVHVLQ
+E$F OHYHOVRYHU WLPHE\DQDYHUDJHRIS LQ WKH LQWHUYHQWLRQJURXSZKLOH
WKH FRQWURO JURXS VKRZHG D PHDQ GHFUHDVH RI  S UHGXFWLRQV ZHUH QRW
VXVWDLQHGDWPRQWKDQGPRQWKIROORZXSV
7KHRQO\VWXG\WRUHSRUWRQORQJHUWHUPFOLQLFDORXWFRPHVZDVVSHFLILFWRDGXOWVZLWK&.'
SDWLHQWV LQWKHZHLJKWPDQDJHPHQWSURJUDPPHKDGDVLJQLILFDQWO\ ORQJHUHYHQWIUHHSHULRG
IRU WKH FRPELQHG RXWFRPH DOOFDXVH PRUWDOLW\ P\RFDUGLDO LQIDUFWLRQ VWURNH DQG
KRVSLWDOL]DWLRQIRUFRQJHVWLYHKHDUWIDLOXUHWKDQWKRVHLQWKHFRQWUROJURXS
4XDOLW\RI/LIH
7KHUH LV OLPLWHG HYLGHQFH LQ WKDW RQO\ IRXU VWXGLHV UHSRUWHG RQ TXDOLW\ RI OLIH  ORZ 
PRGHUDWH DQG  KLJK TXDOLW\ WKUHH RI ZKLFK UHSRUWHG WKDW 7LHU  VHUYLFHV VLJQLILFDQWO\
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LPSURYHG TXDOLW\ RI OLIH RXWFRPHV LQ ERWK FRPPXQLW\ DQG SULPDU\ FDUH VHWWLQJV LQ ERWK
EDULDWULFSDWLHQWVDQGDGXOWVZLWKDQGZLWKRXWFRPRUELGLWLHV
%HKDYLRXUFKDQJH
9HU\ IHZ VWXGLHV UHSRUWHG EHKDYLRXU FKDQJH RXWFRPHV LW ZDV QRW SRVVLEOH WR DVFHUWDLQ
ZKLFKFRPSRQHQWVRIWKHSURJUDPPHVIRUH[DPSOHGLHWDQGRUSK\VLFDODFWLYLW\RUEHKDYLRXU
FKDQJHWHFKQLTXHVZHUHDVVRFLDWHGZLWKZHLJKWORVV
&RVWV
1RQHRI WKHVWXGLHV LQFOXGHGDFRVWHIIHFWLYHQHVVDQDO\VLV7ZRVWXGLHVUHSRUWHGFRVWVSHU
SDUWLFLSDQW LQSULPDU\FDUHEDVHGVHUYLFHV/HDQHWDO UHSRUWHGFRVWVRISHUSDWLHQW
HQWHUHG RU  SHU GRFXPHQWHG  NJ ORVV DFKLHYHG -HQQLQJV HW DO UHSRUWHG WKDW D
SULPDU\FDUHEDVHG7LHU:06FRVWEHWZHHQDQGSHU\HDUIRUHDFKSDWLHQW
'LVFXVVLRQ
7KH HYLGHQFH LQ WKLV UHYLHZ LQGLFDWHV WKDW VSHFLDOLVW 0'7 VHUYLFHV FDQ GHOLYHU FOLQLFDOO\
VLJQLILFDQW ZHLJKW ORVV IRU DGXOWV 'XH WR WKH PDMRULW\ RI HYLGHQFH EHLQJ GHULYHG IURP
REVHUYDWLRQDO VWXGLHV ZH IRFXV RQ LPSDFW UDWKHU WKDQ HIIHFWLYHQHVV ZKHQ GHVFULELQJ
FKDQJHLQRXWFRPHVDQGRQWKHZKROHWKLVLVFKDQJHIURPEDVHOLQHWRSRVWLQWHUYHQWLRQ2I
QRWHZKHUHZHUHSRUW LPSDFWZHGRVRDORQJVLGH WKHPHWKRGRORJLFDOTXDOLW\RI WKHVWXG\
:HDSSUHFLDWHWKDWLPSDFWUHVXOWVIURPXQFRQWUROOHGVWXGLHVVKRXOGEHWUHDWHGZLWKFDXWLRQ
7KHDEVHQFHRIDFRPSDULVRQJURXSIRUWKHPDMRULW\RIVWXGLHVPDNHVLWLPSRVVLEOHWRNQRZ
ZKDWZRXOGKDYHKDSSHQHGZLWKRXW WKH LQWHUYHQWLRQ6RPHRI WKHSDUWLFXODUSUREOHPVZLWK
LQWHUSUHWLQJ GDWD IURP XQFRQWUROOHG VWXGLHV LQFOXGH VXVFHSWLELOLW\ WR SUREOHPV ZLWK
FRQIRXQGLQJDQGUHJUHVVLRQWRWKHPHDQ
$OODQWKURSRPHWULFRXWFRPHVGHPRQVWUDWHGVLJQLILFDQWLPSURYHPHQWVDQGVXSSRUWDFOLQLFDOO\
VLJQLILFDQW ZHLJKW ORVV +RZHYHU WKHPDMRULW\ RI WKH VWXGLHV KDG D GURSRXW ZKLFK UDQJHG
IURP  WR  DQGPRVW RI WKH HYLGHQFH GHULYHG IURP REVHUYDWLRQDO VWXGLHV 7KH RQH
LQFOXGHG5&7 UHSRUWHG D VKRUWWHUPZHLJKW UHGXFWLRQ RYHU WLPH IRU WKH LQWHUYHQWLRQ JURXS
ZKLFK ZDV DW WKH ORZHU HQG RI WKH UDQJH REVHUYHG DFURVV WKH RWKHU VWXGLHV  NJ
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KRZHYHU WKLV VWXG\ZDV LQDGXOWVZLWK7'0RQ LQVXOLQ WKHUDS\ ,PSDFWGLGQRW DSSHDU WR
YDU\ E\ VWXG\ TXDOLW\ ZLWK WKH KLJK TXDOLW\ VWXGLHV UHSRUWLQJ UHGXFWLRQV LQ DQWKURSRPHWULF
RXWFRPHVDFURVVWKHUDQJHUHSRUWHGIRUDOOVWXGLHV
)RUDGXOWVZLWK7'0WKHUHLVHYLGHQFHIRUVLJQLILFDQWUHGXFWLRQVLQ+E$FDQGLPSURYHPHQW
LQ JO\FDHPLF FRQWURO0HGLFDWLRQV IRU 7'0 SDUWLFXODUO\ LQVXOLQ FDQ SURPRWHZHLJKW JDLQ
KRZHYHUWKHHYLGHQFHVXJJHVWVWKDWDGXOWVZLWKVHYHUHREHVLW\DQG7'0FDQUHGXFHWKHLU
%0,DQGKDYHDFOLQLFDOO\PHDQLQJIXOZHLJKWORVV$GXOWVZLWK7'0KDYHDERXWKDOIWKHRGGV
RI VLJQLILFDQW ZHLJKW ORVV DQG VXVWDLQDELOLW\ RI ZHLJKW ORVVPLJKW EH KDUGHU WR DFKLHYH IRU
DGXOWVZLWK7'0
9HU\IHZVWXGLHVUHSRUWHGRQ4XDOLW\RI/LIHRUEHKDYLRXUFKDQJHRXWFRPHVEHWWHUUHSRUWLQJ
RI WKHVH W\SHVRIRXWFRPHV LV LPSRUWDQW WRXQGHUVWDQGRWKHUSRWHQWLDOEHQHILFLDORXWFRPHV
UHODWHGWR:06DQGWKHPHFKDQLVPVRIFKDQJHXQGHUO\LQJDQWKURSRPHWULFRXWFRPHV
$V WKHUHZHUHQR VWXGLHV WKDW FRPSDUHG OLIHVW\OH LQWHUYHQWLRQZLWKDXVXDO FDUH FRQWURO IRU
VHYHUHO\ REHVH DGXOWV ZH FDQQRW GLUHFWO\ FRPSDUH WKH HIIHFWLYHQHVV RI 7LHU :06ZLWK
XVXDOFDUHIRUDGXOWVZLWKVHYHUHREHVLW\7KHVHW\SHVRI OLIHVW\OH LQWHUYHQWLRQVDUHE\WKHLU
YHU\ QDWXUH FRPSOH[ LQWHUYHQWLRQV 0HGLFDO 5HVHDUFK &RXQFLO JXLGDQFH VWDWHV WKDW
H[SHULPHQWDOGHVLJQVDUHSUHIHUUHGWRREVHUYDWLRQDOGHVLJQVLQPRVWFLUFXPVWDQFHVEXWDUH
QRWDOZD\VSUDFWLFDEOHDQGWKDWLWLVLPSRUWDQWWRDOVRXQGHUVWDQGSURFHVVHV,QDGGLWLRQLW
LV GLIILFXOW WR GHILQH ZKDW µXVXDO FDUH¶ PHDQV JLYHQ WKH VXEVWDQWLDO YDULDWLRQ LQ (QJODQG¶V
VHUYLFHSURYLVLRQ
,WLVDSSDUHQWWKDW1,&(KDYHQRWSURYLGHGVSHFLILFJXLGDQFHRQ7LHUVHUYLFHVSHUKDSVGXH
WRD ODFNRIHYLGHQFHHYDOXDWLQJWKHHIIHFWLYHQHVVDQGFRVWHIIHFWLYHQHVVRI7LHUVHUYLFHV
DQG D ODFN RI LQIRUPDWLRQ RQ WKH RSWLPXP FRPSRVLWLRQ RI WKH VSHFLDOLVW WHDP7KLV UHYLHZ
KLJKOLJKWVJUHDWYDULDWLRQLQWKHFRPSRVLWLRQRIWKH0'7HYHQLQHVWDEOLVKHG7LHUVHUYLFHV
DQG LW ZDV QRW DOZD\V FOHDU LI SURYLGHUV ZHUH VSHFLDOLVWV LQ REHVLW\ PDQDJHPHQW 7KH
HYLGHQFHVXJJHVWV WKHUHZDVPXFKPRUH OLNHOLKRRGRIVWXGLHVEDVHG LQVHFRQGDU\FDUHRU
SULPDU\ FDUH WR KDYH SK\VLFLDQ LQYROYHPHQW DV SDUW RI WKH 0'7 FRPSDUHG WR FRPPXQLW\
EDVHG LQWHUYHQWLRQV 1RQH RI WKH HVWDEOLVKHG VHUYLFHV PHW DOO WKH GHILQLWLRQV RI D 7LHU 
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VHUYLFHLQWHUPVRI%0,HOLJLELOLW\FULWHULDSKDUPDFRWKHUDS\IRUREHVLW\DQGWKHFRPSRVLWLRQ
RID0'7(YHQZLWKLQHVWDEOLVKHG7LHUVHUYLFHVRQO\DPLQRULW\DUHPHHWLQJWKHVXJJHVWHG
FRPSRVLWLRQ LQ WKH ZRUNLQJ H[DPSOH RI ZKDW FRQVWLWXWHV DQ 0'7  7KLV PD\ UHIOHFW
LQFRPSOHWHRUOLPLWHGUHSRUWLQJZLWKLQWKHSDSHUVRULWPD\UHIOHFWDFWXDOSUDFWLFH
,WZDVQRWSRVVLEOHWRGLVFHUQZKLFK LQWHUYHQWLRQFRPSRQHQWV LPSURYHGZKLFKRXWFRPHVDV
PRVW VWXGLHV ODFNHG D FRPSDUDWRU DGGLQJ D 7LHU  :06 WR 5RX[HQ< JDVWULF E\SDVV
5<*% VLJQLILFDQWO\ LPSURYHGZHLJKW ORVV 7KXV VXSSRUWLQJ WKHZRUNLQJ JURXSV SDWLHQW
MRXUQH\RIHQJDJHPHQWZLWKWLHUSUHDQGSRVWHQWU\WRWLHU,WZDVGLIILFXOWWRPDNHIXUWKHU
LQIHUHQFHVDERXW WKH LPSDFWRI LQWHUYHQWLRQFKDUDFWHULVWLFVRQ LQWHUYHQWLRQRXWFRPHVJLYHQ
WKHKHWHURJHQHLW\RIWKHLQWHUYHQWLRQVDQGWKHVWXG\GHVLJQV:HLJKWORVVGLGQRWDSSHDUWR
EHPRGLILHGE\ VWXG\TXDOLW\ RU GHVLJQRU GXUDWLRQRI WKH LQWHUYHQWLRQ7KH LQWHQVLW\RI WKH
LQWHUYHQWLRQPD\DIIHFWWKHDPRXQWRIZHLJKWORVVDQGWKLVUHTXLUHVIXUWKHUH[SORUDWLRQ7KH
HYLGHQFHUHJDUGLQJVSHFLILFVRFLRGHPRJUDSKLFIDFWRUVDVSRWHQWLDOHIIHFWPRGLILHUVRIZHLJKW
FKDQJHZDVLQFRQVLVWHQW7KHUHLVOLPLWHGHYLGHQFHWRVXJJHVWWKDWROGHUDGXOWVODWHIRUWLHV
HDUO\ILIWLHVYVPLGIRUWLHVDUHPRUHOLNHO\WRHQWHUWKHVHUYLFHFRPSDUHGWRWKRVHZKRDFFHVV
EXWGRQRWHQWHUDQGROGHUDGXOWVDUHPRUHOLNHO\WRFRPSOHWHWKHSURJUDPPH7KHHYLGHQFH
ZDV OLPLWHG LQ WKDW LWZDVGHULYHG IURPRQO\ WZRVWXGLHVDQG WKH UDQJHRIDJHZDVQDUURZ
7KLV HYLGHQFH VXJJHVWV WKDW VHUYLFHV PD\ EH GLIILFXOW WR DOLJQ ZLWK ZRUNLQJ KRXUV 7KH
HYLGHQFH LV LQFRQVLVWHQW UHJDUGLQJ WKH UROH RI JHQGHU LQ HQWHULQJ DQG FRPSOHWLQJ WKH
VHUYLFHVKRZHYHUWKHSDUWLFLSDQWVLQWKHVWXGLHVZHUHSUHGRPLQDQWO\IHPDOH0RUHUHVHDUFK
LVUHTXLUHGUHJDUGLQJSRWHQWLDODJHDQGJHQGHULQHTXDOLW\LQVHUYLFHDFFHVV
/RZHUGURSRXWZDVVHHQLQFDUHIXOO\VHOHFWHGJURXSVRIKLJKO\PRWLYDWHGDGXOWV7KHUHZDV
QR FOHDU SDWWHUQ LQ GURSRXW DFFRUGLQJ WR VHWWLQJ /LPLWHG HYLGHQFH GHPRQVWUDWHG WKHPRVW
IDYRXUDEOH ZHLJKW ORVV UHVXOWV LQ DGXOWV ZLWK KLJK DWWHQGDQFH :KHQ WKH SHUFHQWDJH RI
SDUWLFLSDQWV DFKLHYLQJ UHGXFWLRQV RI  ,%: DQG  ,%: ZDV UHSRUWHG IRU ODUJHU
VDPSOHV WKDQ MXVW FRPSOHWHUV DQG WKH IROORZXS ZDV DW OHDVW PRQWKV WKH SHUFHQWDJH
DFKLHYLQJUHGXFWLRQVRI,%:DQGZDVUHGXFHGE\DERXWDKDOI
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+DVVDQ HW DO UHFHQWO\ SXEOLVKHG D UHYLHZ H[DPLQLQJ WKH HIIHFWLYHQHVV RI OLIHVW\OH
LQWHUYHQWLRQV IRU DGXOWVZLWK VHYHUHREHVLW\7KH UHYLHZ LQFOXGHG5&7V QRQHRIZKLFK
ZHUH EDVHG LQ WKH 8. SDUWLFLSDQWV UHFHLYLQJ WKH OLIHVW\OH LQWHUYHQWLRQ KDG D JUHDWHU
GHFUHDVHLQZHLJKWWKDQSDUWLFLSDQWVLQWKHFRQWUROJURXSIRUDOOVWXGLHV±NJ7KLVLV
VLPLODU WRWKHUDQJHRIZHLJKW ORVVIRXQG LQWKLV UHYLHZRI8.VWXGLHVRIDGXOWVZLWKVHYHUH
REHVLW\ RXU UHYLHZ SURYLGHV 8. HYLGHQFH DOEHLW GHULYHG IURP OHVV UREXVW VWXG\ GHVLJQV
,PSRUWDQWLVVXHVKLJKOLJKWHGE\+DVVDQHWDO LQFOXGHGDODFNRI5&7HYLGHQFHH[FOXVLYHO\
WDUJHWHGDWDGXOWVZLWKDPHDQ%0,!NJPE\LQFOXGLQJQRQ5&7HYLGHQFHZHZHUHDEOH
WRFDSWXUHVWXGLHVH[FOXVLYHO\WDUJHWHGDWDGXOWVZLWKDPHDQ%0,!NJP
6WUHQJWKVDQGOLPLWDWLRQV
7KLVLVWKHILUVWV\VWHPDWLFUHYLHZRIVSHFLDOLVWPXOWLGLVFLSOLQDU\LQWHUYHQWLRQV7LHU:06LQ
WKH 8. 5HYLHZ DXWKRUV EHOLHYHG WKHUH ZRXOG EH OLPLWHG SXEOLVKHG HYLGHQFH IRU 7LHU 
VHUYLFHVDQGVRWKHVFRSHZDVNHSWZLGH+HQFHWKHUHYLHZLQFOXGHGH[LVWLQJ7LHUVHUYLFHV
DQG RWKHU VSHFLDOLVW PXOWLGLVFLSOLQDU\ LQWHUYHQWLRQV WKDW UHIOHFWHG D 7LHU  VHUYLFH LH D
PXOWLFRPSRQHQWLQWHUYHQWLRQSURYLGHGE\DPXOWLGLVFLSOLQDU\WHDPIRUVHYHUHO\REHVHDGXOWV
(YLGHQFHIURPWKHVHW\SHVRIVWXGLHVVWUHQJWKHQVWKHHYLGHQFHEDVHDQGWKHDSSOLFDELOLW\RI
VSHFLDOLVWPXOWLGLVFLSOLQDU\LQWHUYHQWLRQVIRUDZLGHUSRSXODWLRQRIDGXOWVZLWKVHYHUHREHVLW\
,W LV LPSRUWDQW WRQRWH WKHUHIRUH WKDW WKH UHYLHZ LGHQWLILHG WKHEHVW DYDLODEOHHYLGHQFH DQG
LQFOXGHG LQWHUYHQWLRQV WKDW ZHUH QRW HVWDEOLVKHG 7LHU  VHUYLFHV DQG ZRXOG QRW PHHW WKH
1,&(&*JXLGDQFHIRU7LHUVHUYLFHV ,QFOXGLQJ WKHVHVWXGLHVHQDEOHGFRPSDULVRQRI
VHUYLFHV DFURVV KRVSLWDO FRPPXQLW\ DQG SULPDU\ FDUH VLWHV LW DOVR HQDEOHG HYDOXDWLRQ RI
VXFKVHUYLFHVZLWKLQVHOHFWSRSXODWLRQJURXSV
7KLV UHYLHZ LQFOXGHV HYLGHQFH IURPD EURDG UDQJH RI VWXG\ GHVLJQV DQGPRVW RI WKH GDWD
GHULYHVIURPREVHUYDWLRQDOVWXGLHVZKLFKOLPLWVWKHLQIHUHQFHVWKDWFDQEHPDGHLQWHUPVRI
HIIHFWLYHQHVV 7KH VWXGLHV ZHUH WRR KHWHURJHQHRXV WR HQDEOH PHWDDQDO\VHV WKH VWXGLHV
YDULHGLQWHUPVRIGHVLJQGXUDWLRQVHWWLQJDQGW\SHVRIRXWFRPHVUHSRUWHG7KHPDLQDUHDV
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RIFRQFHUQ LQWHUPVRIVWXG\TXDOLW\ZHUH LQVXIILFLHQWGXUDWLRQRI IROORZXSDQGH[FOXVLRQRI
GURSRXWVIURPWKHDQDO\VHV
$OWKRXJK VRPH VWXGLHV UHSRUWHG RQ VXVWDLQDELOLW\ RI ZHLJKW ORVV IRU H[DPSOH UHSRUWLQJ
ORQJHUWHUP IROORZXS GDWD WKHUH ZHUH QR GDWD WKDW UHSRUWHG LPPHGLDWHO\ DIWHU DQ DFWLYH
LQWHUYHQWLRQ SKDVH DQG WKHQ UHSRUWHG GDWD DJDLQ IROORZLQJ D SHULRG RI QR DFWLRQ RU D
PDLQWHQDQFH SKDVH 7KHUHIRUH ZH GR QRW NQRZ LI ZHLJKW UHGXFWLRQV DUH VXVWDLQHG LQ WKH
ORQJHUWHUPDIWHUFRPSOHWLRQRIWUHDWPHQW
,W ZDV RIWHQ GLIILFXOW WR DVFHUWDLQ RQ VFUHHQLQJ RI UHIHUHQFHV IRU LQFOXVLRQ ZKLFK RI WKH
FRPPXQLW\EDVHGVWXGLHVZHUH VSHFLDOLVWPXOWLGLVFLSOLQDU\ LQWHUYHQWLRQV 7LHU  DQGZKLFK
ZHUH OLIHVW\OH LQWHUYHQWLRQV 7LHU  7KLV ZDVPDLQO\ GXH WR LQVXIILFLHQW LQIRUPDWLRQ EHLQJ
SURYLGHGDERXWZKRZDVGHOLYHULQJWKHVHUYLFH
,PSOLFDWLRQVIRUSUDFWLFH
7LHUDQGVHUYLFHXVHUSRSXODWLRQVFDQQRWEHGLUHFWO\FRPSDUHGDVWLHUXVHUVDUHOLNHO\WR
EHFRPSOH[SDWLHQWVZLWKPXOWLSOHPHGLFDODQGSV\FKRORJLFDOSUREOHPV7LHUVHUYLFHVZLOO
DOZD\VKDYHKLJKHUVWDIIFRVWVEXWGHOLYHUDQRXWFRPHWKDWLQFOXGHVPHGLFDODVVHVVPHQWDQG
PRUH VSHFLDOLVW FDUH JLYHQ WKHPRUH VHYHUH DQGRU FRPSOH[ QDWXUH RI REHVLW\ DQGRU FR
PRUELGLWLHV LQWKHVHSDWLHQWV7KHUH LVDQHHGWRFODULI\FRPSRVLWLRQRI0'7VWRHQVXUHWKH
FRPSOH[QHHGVRISDWLHQWVHQWHULQJD7LHUVHUYLFHDUHPHW6HUYLFHVVKRXOGPHHWGHILQHG
HOLJLELOLW\FULWHULDWRHQVXUHHTXLWDEOHSURYLVLRQDFURVVWKHFRXQWU\DQGDOLJQPHQWZLWK1,&(
UHFRPPHQGDWLRQV DQG 7LHU  DQG 7LHU  SURYLVLRQ &RPSDULVRQ DFURVV VHUYLFHV FRXOG EH
LPSURYHG E\ DSSO\LQJ D FOLQLFDO VFRULQJ V\VWHP VXFK DV WKH (GPRQWRQ 2EHVLW\ 6FRULQJ
6\VWHP(266
7KHUHLVDQHHGIRUVWDQGDUGLVHGNH\SHUIRUPDQFHLQGLFDWRUVIRUDOO7LHUVHUYLFHV6HUYLFHV
VKRXOGEHHQFRXUDJHGWRXVHWKHVWDQGDUGHYDOXDWLRQIUDPHZRUNWRLPSURYHFRQVLVWHQF\LQ
UHSRUWLQJDQGHQVXUHLPSRUWDQWGDWDVXFKDVVRFLRGHPRJUDSKLFVGURSRXWUDWHVDQGORQJHU
WHUP RXWFRPHV DUH FROOHFWHG 6WLSXODWLQJ VHW WLPH SRLQWV DQG VXFFHVV FULWHULD ZRXOG KHOS
IDFLOLWDWHFRPSDULVRQVEHWZHHQVHUYLFHV6HUYLFHVVKRXOG UHSRUW ILQGLQJV IRUDOOSDWLHQWVDV
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ZHOO DV IRU FRPSOHWHUV 6HUYLFHV VKRXOG UHFRUG UHGXFWLRQ LQ FRPRUELGLWLHV DQG PHWDEROLF
SDUDPHWHUV WR H[DPLQH ZLGHU SRVVLEOH KHDOWK EHQHILWV ,W LV LPSRUWDQW VHUYLFHV XQGHUWDNH
DSSURSULDWH SURFHVV DQG LPSDFW HYDOXDWLRQV WR KHOS XQGHUVWDQGZKLFK HOHPHQWVZRUN DQG
GRQ¶WZRUNIRUZKRPDQGZK\7KLVVKRXOGLQFOXGHFOHDUGHWDLOVRIKRZGLIIHUHQWFRPSRQHQWV
DUH GHOLYHUHG &RVWHIIHFWLYHQHVV GDWD PXVW EH FROOHFWHG DQG UHSRUWHG SDUWLFXODUO\ ZKHQ
WKHUHLVHYLGHQFHRIHIIHFWLYHQHVV
)XWXUHVHUYLFHVPXVWFRQVLGHUFRQVXOWLQJZLWKHQGXVHUV WRHQVXUHVHUYLFHVDUHHTXLWDEOH
PHHWLQJWKHQHHGVRIDOOXVHUVHJPHQ\RXQJHUSDWLHQWVDQGZRUNLQJSDWLHQWV$VVHVVLQJ
PRWLYDWLRQ WR FKDQJH LV UHFRPPHQGHG DV HYLGHQFH VXJJHVWV DWWULWLRQ UDWHV DUH ORZHU LQ
FDUHIXOO\VHOHFWHGJURXSVRIKLJKO\PRWLYDWHGDGXOWV
,PSOLFDWLRQVIRUUHVHDUFK
)XWXUH UHVHDUFK RI VSHFLDOLVW PXOWLGLVFLSOLQDU\ LQWHUYHQWLRQV QHHGV WR HQVXUH LPSRUWDQW
PHGLDWRUVDQGPRGHUDWRUVVXFKDVVRFLRGHPRJUDSKLFIDFWRUVDUHPHDVXUHGDQGDQDO\VHG
5HVHDUFK VWXGLHV VKRXOG FRQVLGHU DOLJQLQJ ZLWK WKH VWDQGDUG HYDOXDWLRQ IUDPHZRUN WR
HQDEOHFRPSDULVRQRIRXWFRPHVDFURVVVWXGLHV0RUH UHVHDUFK LV UHTXLUHG WRH[DPLQH WKH
HIIHFWLYHQHVVRIVSHFLDOLVWPXOWLGLVFLSOLQDU\ LQWHUYHQWLRQSURYLVLRQIRUPLQRULW\HWKQLFJURXSV
\RXQJHU DGXOWV DQG DGXOWV UHIHUUHG WR WKH VHUYLFH IURP EDULDWULF VXUJHU\ 7LHU  0RUH
UHVHDUFKLVUHTXLUHGWRH[DPLQHWKHLPSDFWRILQWHQVLW\DQGGLIIHUHQWSURJUDPPHFRPSRQHQWV
LQ VSHFLDOLVW PXOWLGLVFLSOLQDU\ LQWHUYHQWLRQV )XWXUH VWXGLHV VKRXOG FRQVLGHU XVLQJ 5&7
GHVLJQVZKHUHSRVVLEOHDQGDOOVWXGLHVVKRXOGFOHDUO\UHSRUWWKHVHUYLFHFRQWHQWDQGGHOLYHU\
&RQFOXVLRQV
(YLGHQFHGHPRQVWUDWHVWKDWPXOWLFRPSRQHQWZHLJKWPDQDJHPHQWLQWHUYHQWLRQVSURYLGHGE\
PXOWLGLVFLSOLQDU\WHDPVFDQKDYHDSRVLWLYHFOLQLFDOO\VLJQLILFDQWLPSDFWIRUDGXOWVZLWKVHYHUH
DQGRIWHQFRPSOH[IRUPVRIREHVLW\7KHUHYLHZSURYLGHVHYLGHQFHWRVXSSRUWWKHSURYLVLRQ
RI7LHUVHUYLFHVIRUDGXOWVDQGKLJKOLJKWVLPSRUWDQWYDULDWLRQVLQ7LHUSURYLVLRQDFURVVWKH
8.DQGWKHQHHGIRUVHUYLFHVWKDWDUHDFFHVVLEOHWRDQGXVHGE\DOODWULVNSRSXODWLRQV
 
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&RQIOLFWVRILQWHUHVW1RQHRIWKHDXWKRUVKDYHDQ\FRQIOLFWRILQWHUHVW7KLVSURMHFWZDV
FRPPLVVLRQHGE\3XEOLF+HDOWK(QJODQG/RXLVD(OOVXQGHUWRRNWKLVZRUNLQKHUUROHDV
5HDGHULQ3XEOLF+HDOWKDQG2EHVLW\DW7HHVVLGH8QLYHUVLW\KRZHYHUVKHDOVRKDVDSDUW
WLPHVHFRQGPHQWWR3XEOLF+HDOWK(QJODQGDVDVSHFLDOLVWREHVLW\DGYLVRU
$XWKRUFRQWULEXWLRQV7DPDUD-%URZQGHYHORSHGWKHSURWRFROGHYLVHGDQGFDUULHGRXWWKH
VHDUFKHVVFUHHQLQJRIUHIHUHQFHVGDWDH[WUDFWLRQDQGDQDO\VLVDQGZURWHWKHSDSHU/RXLVD
-(OOVGHYHORSHGWKHSURWRFROFDUULHGRXWVFUHHQLQJRIUHIHUHQFHVGDWDH[WUDFWLRQDQG
DQDO\VLV&ODLUH2¶0DOOH\KHOSHGZLWKGDWDFROOHFWLRQDQGFDUULHGRXWGDWDH[WUDFWLRQ%HWKDQ
+DPLOWRQ-DPLH%ODFNVKDZDQG9LFNL&RXOWRQGHYHORSHGWKHSURWRFRODQGDVVLVWHGZLWK
VFUHHQLQJRIUHIHUHQFHV&DURO\Q6XPPHUEHOOKHOSHGWRGHYHORSWKHSURWRFRO$OODXWKRUV
ZHUHLQYROYHGLQZULWLQJWKHSDSHUDQGKDGILQDODSSURYDORIWKHVXEPLWWHGDQGSXEOLVKHG
YHUVLRQV
$FNQRZOHGJHPHQWV7KLVSDSHUZDVGHULYHGIURPDUHSRUWFRPPLVVLRQHGE\3XEOLF+HDOWK
(QJODQG3+(DQGWKHSURWRFROIRUWKHUHSRUWZDVGHYHORSHGLQFROODERUDWLRQZLWK3+(DQG
VWHHULQJJURXSPHPEHUVZKRVHFRPPHQWVRQWKHGUDIWUHSRUWZHUHLQWHJUDWHGLQWRWKHILQDO
UHSRUW:HWKDQNWKHIROORZLQJVWHHULQJJURXSPHPEHUV$OLVRQ$YHQHOO&OLQLFDO&KDLULQ
+HDOWK6HUYLFHV5HVHDUFK+HDOWK6HUYLFHV5HVHDUFK8QLW8QLYHUVLW\RI$EHUGHHQ5DFKHO
%DWWHUKDP3URIHVVRURI2EHVLW\'LDEHWHV	(QGRFULQRORJ\+HDGRI8&/+2EHVLW\	
%DULDWULF6HUYLFHVDQG+HDGRIWKH&HQWUHIRU2EHVLW\5HVHDUFK'HSDUWPHQWRI0HGLFLQH
8QLYHUVLW\&ROOHJH/RQGRQ1LFN)LQHU&OLQLFDO3URIHVVRU1DWLRQDO&HQWUHIRU&DUGLRYDVFXODU
3UHYHQWLRQDQG2XWFRPHV8QLYHUVLW\&ROOHJH/RQGRQ,QVWLWXWHRI&DUGLRYDVFXODU6FLHQFH
+RQRUDU\&RQVXOWDQW(QGRFULQRORJLVWDQG%DULDWULF3K\VLFLDQ8QLYHUVLW\&ROOHJH/RQGRQ
+RVSLWDOV&DUO\+XJKHV%DULDWULFSK\VLFLDQDQG*3)DNHQKDP0HGLFDO3UDFWLFH:HLJKW
0DQDJHPHQW6HUYLFH1+61RUWK1RUIRON&&*7KLVSDSHULVGHULYHGIURPDV\VWHPDWLF
UHYLHZZKLFKFRPSULVHGRQHSDUWRIDZRUNSDFNDJHFRPPLVVLRQHGE\3+(7KHZRUN
SDFNDJHLQFOXGHGWZRLQWHUOLQNHGEXWGLVFUHWHFRPSRQHQWVDV\VWHPDWLFUHYLHZDQGFDVH
VWXGLHVRIZKLFKWKLVSDSHULVGHULYHGIURPWKHV\VWHPDWLFUHYLHZ:HZRXOGOLNHWR
DFNQRZOHGJH5HEHNDK0F1DXJKWRQDQG-DQHW6KXFNVPLWKIRUWKHLUZRUNRQWKHFDVHVWXG\
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FRPSRQHQW:HZRXOGDOVROLNHWRWKDQN+HDWKHU&OHPHQWV7HHVVLGH8QLYHUVLW\IRUKHUKHOS
LQSUHSDULQJWKHILQDOPDQXVFULSWVIRUVXEPLVVLRQ

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
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